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IORIO, L C , N EISENSTEIN, P E BRODY AND A BARNETT Effects of selected drugs on spontaneously 
occ urrmg abnormal behavior m beagles PHARMACOL BIOCHEM BEHAV 18(3) 379--382, 1983 --A sub-population of 
beagles with abnormal behavioral patterns has been identified, isolated and tested for responslvlty to selected classes of 
psychoactive drugs The abnormal behavior was amehorated by anxlolytlcs and antidepressants but not by antlpsychotlcs, 
an antihistaminic, an alpha-adrenergtc blocker, a beta-adrenerglc blocker, or an antlchohnerglc drug Improvement oc- 
curred after a single dose of the anxlolytlc drugs but did not occur until 10-18 days after dally dosing with standard ttacyllc 
antidepressants and the MAO inhibitor lsocarboxazld This delayed onset in beagles resembles that seen on use of these 
drugs in humans The results with these drugs suggest that the abnormal behaviors of the beagles are related to anxiety and 
are in part depressive in nature This colony provides an animal model of abnormal behavior which allows evaluatmn of the 
anxlolytlc and antidepressant effects of drugs and estimates of the onset of action of antidepressant drugs 
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THE evaluation of central nervous system (CNS) drugs in 
animals is based primarily on the drug's abdlty to amehorate 
stimulus-altered behavior of ammals For example, 
anxlety-hke behaviors are induced by placing animals m 
conflict situations [3,11] and depressive behaviors can be 
evoked by subjecting ammals to isolation [9,10], repeated 
no-win compemlve situations [5], unavoidable shock en- 
vironment [6], etc One exception may be the specmlly bred 
nervous dogs of Murphree and his collaborators [7,8] which 
appear to be susceptible to the tranqmhzing effects of chlor- 
promazIne [2] This report presents a description of  a 
selected group of beagles with spontaneously occurring ab- 
normal behaviors which are ameliorated by acute adminis- 
tration of standard anxlolytlcs and by repeated administra- 
tion of standard antidepressant drugs 

METHOD 

Sour~ e o f  Beagles ll'tth Unu ~ual Behavior 

The beagles described m these studies were found m 
breeding colomes at the toxicology laboratories of Schenng 
Corporation at Lafayette, NJ Attention was first called to 
them when investigators described some dogs (about 2% of 
the breeding colony) as "wi thdrawn,"  "depressed"  and 
easy to handle compared to beagles with normal behavior 
These observations led us to isolate the dogs and test them 
for reactivity to various classes of psychoactive drugs 

All beagles m the breeding colony were raised in a con- 
ventlonal fashion Litters are weaned at six weeks of age and 
housed in groups of 20-40 in large outdoor pens connected to 
Inner rooms At twelve months of  age the "depressed"  be- 

agles were identified on the basis of gross behavioral abnor- 
mahtles (e g , lack of  barking, reduced approach behavior to 
humans, etc ), removed from the colony, and housed indi- 
vidually In standard dog cages (73 7x81 3×96 5 cm) Food 
and water were available ad lib and the animals were housed 
indoors with a 12 hour hght/dark cycle 

Quantttatton o f  Behavior 

The beagles selected from the breeding colony generally 
continued to show marked deviaaons from normal behavior 
exhibited by other beagles housed under similar conditions 
Unlike normal beagles, these beagles did not manifest 
postural/motor behaviors such as high levels of motor activ- 
Ity, exploration, alertness or barking and showed deficits in 
approach/attentional behavior such as not looking at and 
making eye contact with observer, not approaching and smiT- 
ing new objects, and not eatmg food on presentation Pre- 
hmmary experiments also indicated that these dogs man- 
ffested decreased sexual activity when presented with es- 
trous females 

Based on these observations, a rating scale was devised 
to quantltate behavior before and after drug administration 
For simplification, behavior of dogs on presentation of food 
or m the presence of estrous females was excluded from this 
quantitation For other behaviors, a modification of the 
method of Irwin [4] was used, which involved sconng of 17 
behavioral measures, 13 of which are associated with normal 
behavior of beagles m the presence of an observer and were 
given a score of  I (one) when observed head above shoul- 
ders, tall horizontal or higher, dog located at front of cage, 
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T A B L E  1 

EFFECTS OF CHLORDIAZEPOXIDE DIAZEPAM AND AMOBARBITAL ON ABNORMAL BEHAVIOR 
OF BEAGLES 

Drug 

Daffy Number of Dogs 
Oral Dose* Percent Days of Mean 

mg/kg Treated Improved% Improved Treatment % MPI~ 

Chlordmzepoxlde 5 8 5 63 3 65 
2 5 3 3 100 11 61 

Dlazepam 2 5 4 4 100 7 66 
Amobarbltal 10 4 4 100 2 52 

*Doses used were based on data in hterature 
+Defined as number of dogs that exhibited scores ~>30% MPI (percent maximum possible improvement) 
$Improvement occurred on each treatment day (including the first day) w~thout evidence of tolerance, ~ e 

magmtude and duration of Improvement (4-6 hours) were similar on each day 
~Mean percent maximum ~mprovement see Method section for calculauon 

dog s tands ,  sits, has  med ium-h igh  s p o n t a n e o u s  mo to r  act iv-  
ity, ba rks  at  obse rve r ,  looks  at  obse rve r ,  a l lows eye con tac t ,  
fol lows o b s e r v e r  wi th  eyes ,  a p p r o a c h e s  o b s e r v e r  wlth cage 
door  c losed,  or  cage  doo r  open ,  and  sniffs or  nuzz les  hand  of  
o b s e r v e r  The  remain ing  4 measu re s  are not  par t  of  normal  
b e h a v i o r  of  beagles  and  the i r  ab s ence  was scored  as 1 (one) 
w i thd raws  to back  of  cage w h e n  cage doo r  IS opened ,  t rem-  
bles ,  f l inches  w h e n  touched ,  or  mani fes t s  inc reased  muscle  
t ens ion  Of  a m a x i m u m  score  of  17 on  this  ra t ing scale,  nor- 
mal beagles  cons i s t en t ly  scored  16-17 

Almos t  ha l f  of  the  p re -se lec ted  beagles  (35 of  75) im- 
p roved  spon taneous ly  within two weeks  af ter  individual  
hous ing ,  l e , began  register ing scores  of  10 or higher ,  and 
were  not  used fu r the r  in these  expe r i m en t s  It is though t  tha t  
the  increased  hand l ing  and a t t en t ion  in the  expe r imen ta l  lab- 
o ra to ry  s i tua t ion may  have  led to this  i m p r o v e m e n t  The  
remain ing  40 abno rma l  beagles  cons i s t en t ly  scored  2-8  with 
a mean  of  5 In two separa te  s tudies  conduc t ed  to eva lua te  
in te r ra te r  re l labdl ty  of  s conng ,  Pea r son  r cor re la t ions  were  
found  to be 0 88 and  0 91 

Drug Treatment~ 

All s tudies  were  done  in an open  des ign For  each  dog,  a 
m e a n  base l ine  score  was ca lcula ted  f rom behav iora l  scores  
o b t m n e d  60-90 minu tes  af ter  t r e a t m e n t  on  4 consecu t ive  
days  on  which  a gelat in capsule  con ta in ing  lac tose  (placebo)  
was g iven  oral ly All dos ing and  behav io ra l  eva lua t ions  were  
done  in the  morn ings  of  tes t  days  Acute  effects  of  tes t  drugs  
were  s tu&ed  on day 1 at hour ly  Intervals  for up to 6 hours  
Af ter  day i ,  dogs were  eva lua ted  pr ior  to and  60-90 minu te  
af ter  d rug  admin i s t r a t ion  each  morn ing  In each  case  the 
m e a n  base l ine  score  was then  sub t r ac t ed  f rom the m a x i m u m  
poss ib le  score  [17] to ob tmn the  m a x i m u m  possible  range  for 
~mprovement  for  each  dog Scores  ob ta ined  on  each  subse-  
quen t  t r e a t m e n t  day(s) wzth p lacebo  or drug were  c o n v e r t e d  
to pe rcen t  of  m a x i m u m  possible  i m p r o v e m e n t  (% MPI) This  
c o n v e r s i o n  al lows a c o m m o n  s t andard  for  drug effects  to be 
e s t a b h s h e d  in different  animals ,  regard less  of  base l ine  score  
A drug was  cons ide red  to be  ac t ive  on any  day that  the % 
MPI  was ~30% This  is a s t r ingen t  cr i ter ion based  on da ta  
f rom many  abno rma l  beagles  showing  tha t  such high values  
were  clear ly outs ide  the  95% conf idence  limits of  base l ine  
socres  W h e n  an  es t imate  of  onse t  t ime for  behav iora l  im- 
p r o v e m e n t  was made  m repea ted  dose  s tu&es ,  this  was  

t aken  to be  the  2nd day of  the  first 3 consecu t ive  days  on  
which  % MPI  was ~>30% 

Because  of  the re la t ively  small  co lony of  beagles  and  the 
lengthy t ime-course  of  these  e x p e r i m e n t s ,  tes t ing  of  most  
drugs  was l imited to one  or  two doses  The  doses  used were .  
as d e t e r m i n e d  in pilot s tudies  wi th  normal  beagles ,  the  high- 
est  doses  to le ra ted  wi thou t  ove r t  adve r se  effects  

RESULTS 

Benzodtazepme~ attd Amobarbttal 

Of the  many  drugs  tes ted  in beagles ,  only the  benzod laz -  
eplne anxlo ly t lcs  d l azepam and  ch lo rd tazepox lde  and  the  
ba rb i tu r a t e  amobarb l t a l  caused  behav iora l  ~mprovement  on 
acute  admin i s t r a t ion  (Table  1) The  effects  occu r r ed  w~thin 
one  hou r  af ter  the  first t r e a t m e n t  and  las ted for  4-6  hours ,  
af ter  wh ich  abno rma l  b e h a v i o r  r e tu rned  to base l ine  levels 
S lmdar  act ivi ty  wi thout  d iminu t ion  was seen  on  repea ted  
t r ea tmen t  wi th  these  drugs,  e g , d l azepam at 2 5 mg/kg PO 
had  a s imilar  t ime course  of  ac t ion  on each  of  7 consecu t ive  
days  The  anxlolyt lc  p roper t i es  of  these  drugs  sugges t  that  
fear  or anx ie ty  may  be  a s ignif icant  c o m p o n e n t  of  the  ab- 
normal  behav io r s  of  beagles  M e p r o b a m a t e  (Table  3) was  not 
ac t ive  in these  dogs at a re la t ively  high doses  for  two days ,  
but  this t r e a t m e n t  schedule  may not  have  been  s u f f i o e n t  to 
d e m o n s t r a t e  the ac t ions  of  this  mild anxiolyt ic  

Anttdepres ~unt~ 

The two t r icychc  an t idep re s san t s  mos t  c o m m o n l y  used in 
h u m a n s  im ip ramme  and a m l t n p t y h n e ,  and the  m o n o a m l n e  
ox ldase  inhib i tor  i socarboxaz ld  p roduced  a part ial  improve-  
men t  in a b n o r m a l  b e h a v i o r  m abou t  50% of  t rea ted  beagles  
with  an onse t  t ime of  abou t  2 weeks ,  i m p r o v e m e n t  was n e v e r  
seen earl ier  (Table 2) In con t ras t ,  p lacebo- t rea ted  beagles  
n e v e r  showed  i m p r o v e m e n t  Addi t iona l  ev idence  that  the  
o b s e r v e d  i m p r o v e m e n t s  were  drug-re la ted  includes  the ob- 
se rva t ions  tha t  once  seen  in any  beagle ,  i m p r o v e m e n t  was 
ma in ta ined  at a re la t ively  cons t an t  level  by repea ted  drug 
admin i s t r a t ion  and  tha t  b e h a v i o r  r e tu rned  to p r e t r e a t m e n t  
levels  w h e n  t r ea tmen t  s topped  (charac te r i s t ic  da ta  with one  
dog s h o w n  in Fig 1), only one beagle  t h r o u g h o u t  the h is tory  
of  our  co lony of  40 beagles ,  o b s e r v e d  ove r  4 years ,  failed to 
re tu rn  to Its p r e t r e a t m e n t  abno rma l  b e h a v i o r  

Excep t  for  n o m l f e n s m e  and  t r azodone ,  the  o the r  ant ide-  
p re s san t s  used for or being tes ted  in h u m a n  depress ion  had 
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T A B L E  2 

EFFECTS OF ANTIDEPRESSANTS ON ABNORMAL BEHAVIOR OF BEAGLES 

Number of Dogs 
Daily Oral Dose, Treatment Percent Latency to Mean 

Drug mg/kg Days Treated Improved* Improved Improvementt. days % MPI~t 

- -  21 12 0 0 - -  - -  

Imlpramlne 10 21 28 14 50 14 42 
5 21 12 2 17 12 29 

Amitnptyhne 15 21 6 3 50 10 43 
10 21 5 2 40 10 32 

Protnptyhne 10 21 4 1 25 13 56 
5 21 4 2 50 8 32 

I socarboxazld 10 21 4 4 100 17 59 
Iprmdole 15 15 4 1 25 8 20 

10 21 4 2 50 8 22 
Doxepln 20 21 4 0 0 - -  - -  

10 22 4 1 25 2 36 
Miansenn 10 21 4 1 25 15 32 
Buproprlon 10 21 4 1 25 17 34 
Nomifenslne 10 21 4 0 0 - -  - -  
Trazodone 10 12 4 0 0 - -  - -  
Vdoxyzlne 15 13 4 1 25 7 29 

*Number of dogs that exh,bited scores/>30% MPI on 3 consecut,ve days Evaluations made 90 minutes after treatment are presented 
here Evaluations made 90 minutes before treatments were s,mdar 

tDefined as the 2nd day of 3 consecutive days on wh,ch scores were />30% MPI 
:~Mean percent maximum possible ~mprovement calculated by averaging scores on the 3 consecutive days of,mprovement from onset 

of improvement to the end of treatment remained relat,vely constant, l e ,  m no case was the level of improvement on any one day 
slgmficantly greater than the mean % MPI reported here and only w,th lprmdole did the improvement level decrease (% MPI remained 
above 30c~ for 4-5 days. then decreased gradually to <15% during the next 3--4 days) 

actlvlty m at least  one abnormal  beagle It s eems  hkely that  
these  obse rved  effects  are drug-rela ted because ,  as s ta ted 
above ,  behav ,ora l  ,mprovemen t  rarely occurs  spon taneous ly  
or  m p lacebo- t rea ted  beagles  H o w e v e r .  the low f requency  
o f , m p r o v e m e n t  and the small sample  sizes prec lude  a more  
definlt]ve ln terpre ta t ,on  o f  these  data  As lnd,cated previ-  
ously,  h ,gher  doses  of  these  drugs could not  be used 

Mrs( ellaneous Drug~ 

A variety of  drugs were  found to be reactive in amehora t -  
ing abnormal  behavior  m beagles  af ter  e i ther  single or  re- 
pea ted  doses  (Table 3) These  include st imulants  such  as 
d -amphe tamine ,  me thy lphemda te ,  caffeine and cocaine ,  
an t ,psycho t , cs  such as haloperldol ,  pe rphenaz ine ,  
thlor ldazlne and th lo th ,xene ,  the an t lh , s tamme chlor- 
p h e m r a m m e ,  the be ta-adrenerglc  b locker  propranoiol ,  the 
a ipha-adrenerg ,c  b locker  phen to lamlne ,  and the an t ichohn-  
erg,c scopolamine  St imulants  such as d -amphe tamine ,  
me thy lphen lda te ,  caffeine and coca ine  were  also inact ive,  
the low basel ine scores  seen in the beagles  prec luded the 
poss ,bdl ty  of  observ ing  whe the r  this class of  drugs can de- 
c rease  scores  

DISCUSSION 

A sub-popula t ion of  beagles  with abnormal  behav ,o r  pat- 
terns  has been  identified and isolated f rom our breeding col- 
ony The behav,ora l  abnormaht ]es  include locomotor  retar-  
dat ion,  s tooped  posture ,  and lack of  r e spons iveness  and 
a ler tness  

Tes ted  for responslt iVlty to drugs,  the abnormal  behav-  
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FIG 1 Effects of repeated dady treatment (21 days) of ,mlpramme 
at l0 mg/kg PO to beagle F96 For this experiment, the onset time 
(2nd of 3 consecutive days on which % MPI was/>30%) was day 13 
Dunng baseline and withdrawal days placebo capsules were ad- 
ministered Note return to baseline behavior when drug admm,stra- 
tlon was stopped 

lors m these  beagles  were  amehora t ed  by two general  c lasses  
of  drugs,  the anxlolyt ics  and the an t ,depressan t s  The effects  
o f  these  drugs appear  to be relatively specific since o the r  
types  of  c o m p o u n d s .  Including s tandard  an t lpsychot ics ,  an 
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T A B L E  3 

DRUGS FOUND TO BE INACTIVE IN ABNORMAL BEAGLES 

Single Daily Dose* Days of 
Drug mg/kg Treatment 

Anxlolytlcs 
Meprobamate 

Stimulants 
d-Amphetamine 
Methylphenldate 
Caffeine 
Cocaine 

Antlpsychotlcs 
Haloperldol 
Perphenazlne 
Thlorldazlne 
Thlothlxlne 

Others 
Chlorphemramlne 
Propranolol 
Phentolamlne 
Scopolamine 

100 2 

0 5 and 1 0 7 
10 2 
50 2 
10 10 

03  6 
05  21 
25  10 
25  7 

5 2 
10 2 
5 
1 1 

*Doses used were selected from data in literature as doses just 
below those that cause side effects in dogs All drugs were tested in 
groups of four dogs except for perphenazlne, scopolamine and pro- 
pranolol which were tested in 3 dogs 

an t ih i s t amine ,  an  a lpha-adrenerg lc  b locker ,  a beta-  
adrenerg lc  b locke r  and  an an t lchol lnerg lc  were  inac t ive  

Drugs ac t ive  in the  a b n o r m a l  dogs  include those  with 
anxlolyt lc  p roper t i e s  such  as the  benzod tazep lnes ,  and  
amobarb l t a l  which ,  a l though  not  classif ied as an anxlolyt lc  
drug,  does  p roduce  sedat ion  These  drugs  are ac t ive  w h e n  
g iven  the first t ime and  have  re la t ively  shor t  dura t ions  of  
ac t ion  (4--6 hr) These  resul ts  suggest  tha t  the behav io ra l  
a b n o r m a h t l e s  of  beagles  are due to anxie ty ,  a l though  excep t  
for inc reased  musc le  tone ,  the  dogs lack o the r  behav io r s  
c o m m o n l y  assoc ia ted  with anxie ty  in dogs such  as ur ina t ion ,  
defeca t ion ,  fear-bi t ing,  or cower ing  

The  second  class  of  ac t ive  drugs  was the  an t idep res san t s ,  
wh ich  were  ac t ive  in abou t  50% of  t rea ted  subjects  but  on ly  
af ter  repea ted  dos ing  (10-17 days  for  s t andard  t r l cychcs  and 

the  M A O  inhib i tor  i socarboxaz ld)  H o w e v e r ,  in con t r a s t  to 
the  anxlolyt lcs ,  once  behav iora l  i m p r o v e m e n t  occurs ,  it is 
ma in ta ined  t h r o u g h o u t  the 24-hour  in tervals  be tween  dally 
dos ing  This  de layed  onse t  of  ac t iv i ty  is s imilar  to tha t  seen  
in h u m a n s  and  is the  first  d e m o n s t r a t i o n  to our  knowledge  of  
the i r  act ivi ty  occur r ing  only af te r  severa l  days  in an animal  
b e h a v i o r  e x p e r i m e n t  A second  similar i ty is the  insens i t iv i ty  
o f  some a b n o r m a l  beagles  to drug t r e a t m e n t  s ince abou t  one  
th i rd  of  d e p r e s s e d  h u m a n s  appear s  to be  re f rac tory  to t reat-  
men t  with  these  drugs  [l] A l though  a large n u m b e r  of  
s tudies  could not  be done  to de t e rmine  w h e t h e r  there  was 
cross  sens i t iv i ty  of  beagles  to the var ious  s tandard  ant ide-  
p re s san t s ,  the re  appea red  to be a t e n d e n c y  in tha t  d i rec t ion  
O f  8 beagles  tha t  rece ived  bo th  imlpramlne  and  amltr lp-  
tyl lne,  3 reac ted  to bo th  drugs,  3 r eac ted  to ne i the r  drug,  one  
reac ted  to lmipramine  a lone ,  and  one  reac ted  to a m l t n p t y h n e  
a lone ,  of  the  4 beagles  tha t  r eac ted  to l socarboxaz ld ,  3 were  
also improved  by  imlpramlne  

The  da ta  in this  repor t  suppor t  the view tha t  the  abnorma l  
beagles  r ep resen t  an animal  model  of  b e h a v i o r  tha t  has  sev- 
eral  un ique  advan tages  ove r  exis t ing models  Firs t ,  the  be- 
haviora l  a b n o r m a h t i e s  occu r  spon t aneous ly  in a sub- 
popu la t ion  of  beagles  which  rece ives  no special  t r e a t m e n t  
such  as isolat ion or  sub jec t ion  to l ea rned-he lp les sness  
pa rad igms  Second ,  the  a b n o r m a l  behav io r s  are chron ic ,  
some dogs  have  been  in our  tes t ing co lony for  4 years  and  the  
f r equency  of  s p o n t a n e o u s  remiss ions  is low ( < 5 % )  
M o r e o v e r ,  a d rug- induced  I m p r o v e m e n t  re tu rns  to base l ine  
levels  within a few days  af ter  cessa t ion  of  drug t r e a t m e n t  
Third .  it r ep resen t s  a behav io ra l  model  tha t  is r e spons ive  to 
only  2 c lasses  of  drugs,  anxlo ly t lcs  and  an t idep re s san t s  The  
poss lb lh ty  tha t  the an t idep re s san t s  possess  anxlolyt lc  prop-  
er t les ,  which  a p p e a r  only af ter  repea ted  admin i s t r a t ion  can- 
not be ruled out  with  ce r ta in ty  I r respec t ive  of  the  mech-  
an i sm it is c lear  tha t  this  an imal  model  is suscept ib le  to the  
pha rmaco log ic  act ivi ty of  bo th  anxlo ly t ics  and  s tandard  
t r lcychc  an t idep re s san t s  
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